SUMMARY
Tetanus is a condition which requires a period of long-term sedation to facilitate controlled mechanical ventilation. Isoflurane may be a useful agent for long-term sedation because of its minimal metabolism. Furthermore, the effect on the cardiovascular system may be useful to counteract the enhanced autonomic activity associated with tetanus. There are no reports in the anaesthetic literature of the use of isoflurane sedation for tetanus.
CASE REPORT
A 44-yr-old man was admitted for endoscopic surgery to the left maxillary sinus. Before operation he was noted to have difficulty in swallowing and he complained of tightening of the face and neck muscles. Surgery was cancelled and over the following 5 days he developed muscle spasm in the abdomen and legs. A diagnosis of tetanus was made; exposure to the tetanus bacillus had probably been via soil contact 2 weeks previously. The patient had not received passive tetanus immunization because of an allergic reaction to the toxoid in childhood. In his previous medical history he was known to be allergic to penicillin and non-steroidal anti-inflammatory drugs. He was an asthmatic treated with phyllocontin, becotide and salbutamol, but had never received oral steroid treatment.
The patient was transferred to the Intensive Therapy Unit and treated initially with i.v. diazepam in emulsion. In the course of the next 24 h he developed progressive difficulty with swallowing and he required elective tracheal intubation and controlled mechanical ventilation. On day 41, sedation was stopped to assess the need for controlled ventilation. The patient was responsive within 30 min but he subsequently developed muscle spasm requiring resedation, muscle relaxation and further ventilation. On day 57 another attempt at weaning was made. The patient regained consciousness after 1 h and after 2 h was alert, orientated and able to repeat his date of birth. However, he remained in a withdrawn state, and after 48 h, exhibited several episodes of uncoordinated muscle spasm, possibly of a convulsive nature. Although electroencephalography was not undertaken, the spasms were treated empirically with phenytoin. The patient experienced hallucinations for a period of 5 days, but these gradually resolved. His subsequent recovery was uneventful and he was discharged from hospital 6 weeks after leaving the ITU.
DISCUSSION
Sedation, neuromuscular block and controlled ventilation are required for the treatment of severe tetanus. Tetanus may be complicated by sympathetic nervous system overactivity, with tachycardia, labile hypertension, peripheral vasoconstriction and myocardial irritability [1] . Isoflurane reduces hypertension by decreasing peripheral vascular resistance, and suppresses catecholamine release more effectively than midazolam [2] . Therefore, it seemed appropriate to sedate this patient, a known asthmatic, with isoflurane, as large doses of propofol, midazolam and fentanyl had proven inadequate. Although the quality of sedation (modined Ramsey scale 3) was improved, there was no marked improvement in cardiovascular stability after the introduction of isoflurane even though we thought that the variability in arterial pressure was caused by inadequate sedation rather than autonomic dysfunction. We chose atracurium initially for neuromuscular paralysis because of its complete metabolism and lack of accumulation, and it has been shown previously to be useful for the management of tetanus [3] . However, after the development of a moderate degree of bronchospasm, vecuronium was substituted. Respiratory function improved, and a greater degree of haemodynamic stability was observed, in accordance with observations in a previous report of a patient with tetanus [4] .
Isoflurane was administered in a greater concentration than reported previously because of patient requirement. Unfortunately, results of fluoride ion assay were not available until after discharge of the patient from the ITU. However, the serum concentration of fluoride increased during the first 72 h, as reported in a short term study of isoflurane [5] . A recent longer term study (up to 30 MAC h) showed also a continuous increase in plasma concentrations of fluoride [6] . In our patient, the plasma concentration of fluoride reached a plateau at 50 MAC h; however, only two samples were available between 300 and 700 MAC h. The serum concentration of fluoride increased again when isoflurane was discontinued. Both peaks of 87 and 83 umol litre" 1 occurred after isoflurane had been discontinued for 48 h ( fig. 1) . Metabolism of isoflurane begins with oxidation of the carbon-halogen link of the alpha carbon, leading to difluoromethanol and trifluoroacetic acid. Trifluoroacetic acid is resistant to oxidative and reductive breakdown, but difluoromethanol is metabolized to formic acid with release of two fluoride ions. In a previous study, enflurane metabolism was inhibited by administration of isoflurane [7] . Therefore, it is possible that isoflurane inhibits its own metabolism or that there are significant interindividual variations in metabolism of isoflurane.
Animal [8] and clinical [9] studies have investigated the toxicity of fluoride accumulation during methoxyflurane anaesthesia. In man, at serum fluoride concentrations greater than 50 umol litre" 1 , subclinical toxicity occurred, with increased serum uric acid concentration. A serum fluoride concentration exceeding 90 umol litre" 1 is associated with a variable degree of toxicity manifest by serum hyperosmolality, hypernatraemia, polyuria and low urine osmolality. Despite prolonged exposure to a fluoride ion concentration greater than 50 umol litre" 1 , our patient showed no increase in urinary volume or increase in serum creatinine and urea concentration, which might have been indicative of nephrotoxicity. This is in agreement with other reports of prolonged administration of isoflurane [6, 10] .
The muscle spasm resembling convulsive activity after withdrawal of sedation is difficult to explain. Isoflurane does not have proconvulsant properties [11] , and long term infusion of atracurium in a patient with tetanus has not been shown to cause excessive accumulation of laudanosine [3] . It is possible that the observed phenomenon represented residual muscle spasm, as has been described previously in tetanus [12] . Dantrolene 1-2 mg kg" 1 has been used as a spasmolytic agent in mild and moderate tetanus, but experience is limited in severe tetanus and its use was considered inappropriate for this patient.
This case report demonstrates that prolonged administration of isoflurane is associated with potentially toxic concentrations of serum inorganic fluoride, although no clinical effect on renal function was found. This paradoxical finding indicates that further investigation into the safety of isoflurane in long term use is required before its use can be recommended.
